Abstract: The aim of this prospective clinical study was to evaluate patient rehabilitation with two immediately loaded implants and bar-retained mandibular overdentures after 48 months of follow-up. Twenty patients were treated with two implants each; of these, 17 patients were re-evaluated for comparison. Gender, age, plaque index, gingival inflammation, keratinized mucosa, probing depth, bleeding, and implant loss data were recorded, and periapical radiographs were obtained for measurement of marginal bone loss. The results were statistically analyzed with one-way analysis of variance (ANOVA) followed by Student's t-test and Pearson's correlation test. To compare the data at baseline and after 48 months, a Wilcoxon Signed Rank Test was performed (α = 0.05). One implant failed (2.9%) during the first year and was replaced. A total of 35 implants were evaluated. Bone loss values were 0.52-2.89 mm (mean, 1.46 mm). Probing depth was 1.75-3.75 mm (mean, 2.22 mm). Correlations were found between bone loss and plaque index and between bone loss and gender, but bone loss did not correlate with gingival inflammation, keratinized mucosa, probing depth, or age. The overall survival rate of the implants was 97.1%. Based on these results, the use of two immediately loaded splinted interforaminal implants to retain an overdenture with a bar attachment is a clinically viable option with a high survival rate.
Introduction
The use of implants to rehabilitate edentulous patients is generally successful. 1 With an overdenture, implants provide the main retention and stability for the removable prosthesis. Many studies have described the benefits of an overdenture as being low cost 2 compared to a fixedimplant prosthesis over five implants for edentulous patients; 3, 4 having good stability and retention; 5 using fewer implants to retain the prostheses; 6 and providing improved masticatory function, 7 improved quality of life, 8 maximal bite force, 3 good esthetics, 6 and no compromise in periimplant soft tissue health or marginal bone levels. 9 To simplify the implant treatment and shorten the dental rehabilitation time, 10 the implants can be installed in a one-stage procedure, which also has the advantage of lower cost. 11 The immediate loading of implants shows high success rates in the mandible, irrespective of implant splintDeclaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
ing and surface topography. 12 Several researchers have reported marginal bone loss around immediately loaded implants, 12, 13 an important criterion for implant success after occlusal loading. The follow-up period also seems to be an important issue. A study 14 with a follow-up period of less than 48 months concluded that the use of two splinted implants to retain a mandibular overdenture is a successful treatment option. However, this study did not evaluate immediately loaded implants. Mandibular overdentures supported by four one-piece, unsplinted, immediately loaded implants were reported in a previous study.
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Publications with short-term data suggest that overdentures require frequent maintenance, especially in the first year of use. 13 However, with understanding of the mechanical and biological long-term behavior of these prostheses and implants with immediate loading, the dental professional can offer better planning, implementation, and technique control, providing considerable improvement of the cost/benefit ratio.
Thus, the aim of this prospective clinical study was to critically evaluate the outcomes, with a minimum of 48 months of follow-up, for edentulous patients who wore bimaxillary complete dentures and were rehabilitated with two immediately loaded implants and mandibular bar-retained overdentures. The null hypothesis of this study was that two immediately loaded implants and a mandibular barretained overdenture do not influence the survival rate of the implant and could be a clinically viable treatment option.
Methodology Patient selection
Participants were recruited from patients at the Dental School of the Universidade Federal de Uberlân-dia -UFU, Brazil. To calculate the sample size (n), the authors considered the expectation of the mean difference to be equal to 0.70 with an expected standard deviation of 0.80; the power of the study (1-β) was set to 0.80, and the probability of type I error (α) was set to 0.05. 15 A minimum sample size of 13 patients (n = 13) was determined (SPSS 18.0 software, SPSS Inc., Chicago, USA).
Patient inclusion criteria were: total edentulism in the mandible for at least 6 months before implant placement; functional problems (e.g., discomfort and lack of stability); sufficient mandibular bone volume in the interforaminal area; bimaxillary complete dentures (both made from acrylic) for at least 12 months before the surgery; and adequate oral hygiene.
Twenty patients were included in this study (mean age of 62 years, range: 34 to 80 years). The prostheses were satisfactory with respect to base size, occlusal vertical dimension, occlusal contacts, and esthetics. However, these patients complained about the lack of retention and stability, poor masticatory function, 7 lack of comfort, poor quality of life, 8 and low selfesteem. Only one patient was a smoker, and none of the patients had diabetes or osteoporosis. Ethical approval was obtained from the Universidade Federal de Uberlândia Research Ethics Committee (#260/11).
Surgical and prosthodontic procedures
Written informed consent was obtained from each patient. Panoramic radiographs were taken for the preoperative evaluation of each patient using a panoramic X-ray machine (Siemens Orthophos 3, Siemens ® , Munich, Germany) with an exposure time of 11.1 seconds and an average increase of 25% under a working current of 10 mA and a voltage of 68 kVp. Prophylactic antibiotics (2 g amoxicillin 2 hours before surgery) were administered to all patients, and a solution of 0.12% chlorhexidine digluconate (15 minutes before surgery and once a day after surgery) was used as a mouth rinse. A duplicate of the mandibular denture in acrylic resin was used as a surgical guide and to transfer the position of the installed implants (Master Screw, 3.75 mm diameter, Conexão Sistema de Próteses, São Paulo, Brazil), and for bite registration. Two external hexagon implants were inserted near the canine region of the mandible (interforaminal region) under local anesthesia. The implant length ranged from 10.0 to 15.0 mm.
All patients received a bar/clip (Conexão Sistema de Próteses, São Paulo, Brazil) overdenture within a maximum period of 24 hours. The rounded plastic bar (Conexão Sistema de Próteses, São Paulo, Brazil) was cast with abutments (Conexão Sistema de Pró-teses, São Paulo, Brazil) to splint the implants, and the plastic clip (Conexão Sistema de Próteses, São Paulo, Brazil) was then connected to the mandibu-lar complete denture, converting it into an implantretained overdenture.
Peri-implant evaluation
The clinical parameters analyzed were: • Plaque Index: Plaque adhering to the abutments was quantified using the Silness and Löe Plaque Index 16 (PI) at four sites around the implant (mesial, distal, buccal, and lingual sites). The scale used was: 0 = no plaque in the gingival area; 1 = a film of plaque present; 2 = moderate visible plaque accumulation; and 3 = abundant plaque present.
• Gingival Index: The Gingival Index (GI) according to Silness and Löe 16 (with modifications) was used to evaluate each implant. 17 The maximum degree of inflammation of the gingiva that surrounded the implant was assessed as follows: 17 0 = no inflammation; 1 = slight inflammation and slight changes in color and surface appearance; 2 = moderate inflammation, redness, and hyperplasia of the gingiva, accompanied by bleeding on pressure; and 3 = acute inflammation, highly red and hyperplastic gingiva, and a tendency to bleed spontaneously and ulcerate.
• Keratinized mucosa: The buccal side of the implant was assessed to quantify the extent of keratinized mucosa (Keratinized Mucosa Index [KMI]) around the implants. After the mucosa were lightly dried, the keratinized mucosa were measured using a periodontal probe with a millimeter index 17 that rated the width on a scale of 0 to 3: 0 = no keratinized mucosa; 1 = 1 mm or less of keratinized mucosa; 2 = between 1 and 2 mm of keratinized mucosa; and 3 = more than 2 mm of keratinized mucosa.
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• Pocket probing depths: The pocket probing depth (PPD) is defined as the linear distance from the free mucosal margin to the base of the pocket (apical termination of the junctional epithelium) and was measured (in millimeters) with a periodontal probe (Golgran Ind. e Com. de Instrumental Odontológico Ltda., São Caetano do Sul, Brazil). The PPD was calculated at four sites on each implant (mesial, distal, buccal, and lingual).
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• Bleeding on probing: A binomial (2-point) scale was used, namely, bleeding on probing, or no bleeding on probing. 18 
Radiographic evaluation
Intraoral periapical radiographs (Kodak, New York, USA) of the coronal parts of the implants were taken at time 0 (T0) (at occlusal loading), T1 (after 3 months), and T2 (after 48 months) using an X-ray unit (Endos AC, Villa Sistemi Medicali, Buccinasco, Italy) operating at 70 kVp and 7 mA. The exposure time was 0.6 seconds. The films were processed with an automatic Gendex machine (KaVo Dental GmbH, Biberach, Germany) in the normal mode, taking 5 minutes to complete the process. A modified plastic film holder was used (Cone Indicator, Indusbello, Londrina, Brazil). The radiographs were scanned (MD-300 Usb dental x-ray film scanner, Enteno, Beijing, China) and converted to digital files, and measurements of the marginal bone changes were made using free image analysis software (Image Tool, The University of Texas Health Science Center, San Antonio, USA). A single examiner made the measurements, which were calibrated using the implant length. Bone loss was measured on the radiographs as the distance between a point on the implant platform and the most cervical point at the marginal bone ( Figure 1A and 1B) . 
A Data analysis
The results were statistically analyzed with oneway analysis of variance (ANOVA) followed by Student's t-test and Pearson's correlation test. To compare the data at baseline and after 48 months, a Wilcoxon Signed Rank Test was performed. All analyses were performed using SPSS 18.0 software (SPSS Inc., Chicago, USA) at a confidence level of 95%.
Results

Implant failures and dropouts
After 4 years, three patients were excluded from this study because of loss of contact. Seventeen patients received two implants each (a total of 35 implants); one implant failed (2.9%) during the first year, and it was replaced. After 48 months of follow-up, the survival rate of the implants was 97.1%. The 34 implants were functionally and clinically successful.
Marginal bone loss and clinical analysis
The mean marginal bone loss was 1.46 mm (0.52-2.89 mm). The mean probing depth was 2.22 mm (1.75 to 3.75 mm). Bleeding on probing was observed in four patients out of 16 (25%). Tests were performed to evaluate the correlation between the mean bone loss and the clinical parameters. Correlations were found between bone loss and plaque index (P = 0.020) and between bone loss and gender (P = 0.019), but bone loss was not correlated with gingival inflammation (P = 0.490), keratinized mucosa (P = 0.394), probing depth (P = 0.732), or age (P = 0.272).
There was a statistically significant difference (P = <0.001) between the mean bone loss at baseline and after 48 months (median = 1.33 mm).
Prosthetic maintenance
The main failure that occurred was fracturing of the overdenture around the clip. The failure rate was 18% (3 of 16).
Discussion
The null hypothesis of this study was accepted, which was that two immediately loaded implants and a mandibular bar-retained overdenture do not influence the implant survival rate. After the 48-month evaluation of the clinical and radiographic data, it was observed that an overdenture retained by immediately loaded implants does not affect the peri-implant tissues, allowing the application of this treatment in patients who cannot afford fixed-implant prostheses over four or five implants because the cost of this treatment is less than that of a fixed prosthesis. 3, 4 There are several options for treating a mandibular edentulous patient, all of which have high published survival rates, such as implant overdentures (immediate or delayed loading), implant fixed complete dental prostheses (immediate or delayed loading), and others. Randow et al. 19 compared immediate loading with the original delayed loading concept. During the 18-month observation period, no implant was lost in either of the two groups, and the authors concluded that the immediate-loading treatment had high implant survival rates.
The survival rate of immediate loading observed in this study was 97.1%, confirming the values reported in the literature concerning conventional loading. 11, 20, 21, 22, 23 This success rate demonstrated a reliable index for immediate loading procedures. Splinting two interforaminal implants to support mandibular overdentures subjected to immediate loading significantly reduces the initial bone tissue strain.
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Prospective follow-ups observed the efficiency of two immediately loaded implants splinted by a bar. 25 Another study found high survival rates of Figure 1B . Radiographic view at the 48-month follow-up.
B
immediately loaded implants placed in the interforaminal area of the mandible and rigidly connected with a bar. 26 However, that study used 4 implants per patient, unlike the present study. The failure rate of 2.9% (one implant) occurred during the first month of follow-up and was most likely due to masticatory overload that compromised the primary stability of the implant; this is the primary condition for immediate loading success. 21 The average bone loss was 1.46 mm after 48 months of follow-up, which is supported by the results of similar studies that used immediate loading or conventional loading.
1,5,27,28 Thus, rehabilitation does not require a waiting period before performing the second surgery, thereby increasing patient satisfaction and delivering the final prosthesis in a short period of time.
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Age did not correlate with bone loss; thus, an overdenture is indicated for healthy senescent patients as long as they do not present with local, systemic, or neurological contraindications for implant surgery. 14 Patient gender was statistically correlated with bone loss. In this study, male patients showed greater bone loss than females. Bone loss in male patients may have occurred because of the higher measured plaque index values in these subjects. To avoid this problem, patients should return to the clinic for regular professional cleanings; this is particularly applicable to males, who are less receptive to the necessary care for maintaining the health of peri-implant tissues.
With regard to prosthetic maintenance, the main failures (18%) were related to fracture of the overdenture around the clip. According to a previous study, fractures of overdentures retained by implants tend to occur where there is a concentration of stress, usually over the implants. 30 Reinforcement of the denture base over the implants may increase resistance to this concentration of stress. 30 In the present study, the authors placed a metal framework at the acrylic part over the implants to reinforce the prosthesis when necessary.
Although the length of the follow-up period (48 months) may be questionable compared to other implant studies, most researchers suggest that an overdenture prosthesis must be replaced when it is 5 years old. During this 48-month period, high survival rates of the implants were observed.
Conclusion
Based on the results of this study, the use of two immediately loaded splinted interforaminal implants and a bar attachment in overdenture patients is a clinically viable treatment option with a high survival rate.
